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Description 

This invention r lates to a semiconductor 
transport system, and more particularly, to the 
conveying of so called chips of fragile semi- 
conductor material in which complex densely 
packed circuits are embedded. 

At the end of the processing line for semi- 
conductor chips, it has become more or less 
standard practice to mount or position the chips 
on ceramic substrates or the like. However, in 
order to do so efficiently it becomes necessary 
to provide a suitable automated technique for 
moving or conveying the light-weight chips 
from their final stages of processing to a suit- 
able loading point, thence to transport them 
quickly and efficiently to the mounting or 
packaging area. 

What has been done conventionally in 
achieving the required rapid transport is to use a 
vibratory technique to induce movement of the 
chips. However, such vibratory transport 
method and like methods necessarily involve 
chip contact with the attendant possibilities of 
damage to the chips and, hence, an ultimate 
decrease in yield of product. 

As semiconductor or Integrated circuit 
technologies continue to develop, with concen- 
tration on ever higher density circuits, this factor 
of damage to chips will become consequential. 
This is particularly so in the case of very large 
scale integrated circuit technologies which 
place great emphasis on improvement of overall 
yields. Necessarily in that case, it becomes an 
increasingly important goal to reduce manu- 
facturing induced defects such as the afore- 
noted chip damage resulting from the conven- 
tional techniques adopted for transporting such- 
chips. Accordingly, it is highly desirable to 
provide a means and technique for handling 
semiconductor chips very efficiently throughout 
the steps of the packaging phase of processing 
such that a minimum amount of contact 
between finished chips is involved in their auto- 
mated transport 

For general teaching with respect to the con- 
veying of slab shaped articles, reference may be 
made to US— A — 3 350 140. Further back- 
ground material is provided by reference made 
in that patent to US — A — 2 805 898 and 
3 180 688. 

The invention disclosed in US — A — 
3 350 140 provides a system in which air con- 
sumption is reduced and the centralizing of 
particles in a conveying trough is achieved. To 
accomplish its objects, jets are provided in two 
rows parallel to the respective side walls and 
the jets in each row are inclined towards the 
other row at an angle causing amplification of 
the cushioned pressure. The system of that 
same patent also provides propulsion jets 
located along the center line of the trough. 
However, whatever merits the system of US — 
A — 3 350 140 possesses, it deals with the 
transport of articles much heavier than semi- 



conductor chips, and which have a smooth 
underside: that is to say, there are no pro- 
trusions, mounds or other unusual contours that 
offer difficulty in the transport of the articles by 

5 the embodied technique. 

As further background for the present 
invention, reference may be made to patents 
and articles which relate to transport systems 
for semiconductor wafers. Such systems for 

10 example are described in US — A — 4 081 201, 
US— A— 4 165 132, US— A— 3 976 330, IBM 
Technical Disclosure Bulletin, Vol. 18, No. 7, 
December 1975 entitled "Self Centering Airlift 
Transport" by D. H. Apgar and T. C. Ku; and in 

is IBM Journal of Research and Development, Vol. 
23, May 1979 entitled "Air Rim System for 
Handling Semiconductor Wafers" by J. A. 
Paivanas and J. K. Hassan. Another generalized 
device or system for supporting or conveying 

20 materials may be appreciated by reference to 
US — A — 2 678 237. Yet other systems that 
provide background for the present invention 
are those disclosed in US — A — 2 805 898 and 
US— A— 3 614168. 

25 Airtrack conveying systems such as that dis- 
closed in the previously cited US — A — 
3 976 330 are concerned principally with the 
need for self-centering in the conveying 
operation; however, they are not focused on 

30 problems connected with the transport of rect- 
angular or prismatic parts, such as chips, which, 
particularly in the case of the provision of 
contact pads, have the further problem of an 
irregular surface due to the presence of solder 

35 mounds or the like. Moreover, the matter of 
obtaining spacing between parts is not a major 
objective in wafer conveyors and in fact is not 
automatically achieved by differential air 
pressure, as is the case with the present 

40 invention. Also, systems for wafer transport, as 
contrasted with chip transport, often require 
special start controls, rather than the control 
being solely a function of track design and the 
shape of the transported part. 

45 Since one of the commonly produced 
integrated circuit chips includes in its finished 
state a group or plurality of contact pads, it is 
important that a system for handling such light- 
weight chips be capable in particular also of 

so transporting them efficiently despite the 
unusual contour involved. 

Accordingly, it is the object of the present 
invention to provide a transport system that will 
efficiently convey such articles having unusual 

55 contours and provide such appropriate spacing 
between them that the aforenoted object of 
minimum contact is fulfilled. 

The present invention thus relates to an air 
film conveyor for transporting semiconductor 

60 chips as recited in claim 1 . 

Viewed in its broadest aspects, the present 
invention fulfills the previously stated object by 
a unique transport system for transporting 
already processed semiconductor chips from a 

55 - loading station to an output station at which the 
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chips will be mounted on a conventional 
ceramic substrate so as to form a module for 
use in a complex electrical assembly. The chips 
are transf rred from a magazine containing the 
process d chips, which is situated at the loading 
station, to a shuttle conveyor, at whose other 
end they are again transferred by a similar 
pickup means to the ceramic substrates in a 
predetermined manner or order. 

A primary feature within the system is the air 
track shuttle conveyor which accomplishes the 
transport of the chips in a highly stable manner 
without contact with each other, and with 
mitigated contact effects with lateral bounding 
guides, that is to say, the side walls forming part 
of the conveyor. The separation produced 
between chips, which thereby avoids damage 
from contact between them, is due to the 
provision of means for achieving laminar airflow 
of particular characteristics between the chips 
and the plate of the conveyor, which flow is 
based in part upon the fact of the relatively 
higher flow resistance encountered as a conse- 
quence of the slight spacing between the chips 
and the side walls. Moreover, it turns out that 
given the configuration of the solder mounds 
on the confronting surface of the chips, the pre- 
dominant fluid forces associated with the flow 
in the first regions between the chips and the 
guide surfaces and the second regions between 
the chips aid in achieving the desired separation 
between the chips. 

In accordance with further preferred embodi- 
ments of the present invention the gas feed 
means is especially designed to aid in achieving 
the needed separation between chips. Thus the 
fine gas stream issuing from the bores or 
grooves of a prescribed ratio of length to equi- 
valent diameter, that is, |/de ratio, impinge 
suitably against the confronting chip surface 
which contains the attached array of solder 
mounds. It has been found that the sensitivity of 
this flow action is dependent on the l/de ratio of 
the gas grooves or bores; that is to say, that the 
ratio must be considerably greater than one in 
order to maximize this effect This flow 
phenomenon will be fully described in later 
parts of the specification. 

Yet another aspect of the invention resides in 
the provision for efficiently attaining or 
achieving the required propulsion of the chips in 
conjunction with the required support and 
lateral flow movement Thus, two rows of jets 
are so arranged that they are directed inwardly 
toward each other and also forwardly with 
respect to the desired longitudinal movement 
for the chips. Effectively then, the two rows of 
centering jets accomplish what is conventionally 
provided by having an additional row of longi- 
tudinally propelling jets. 

The features and advantages of the invention 
may be understood more completely by 
referring to the following detailed description. 

Fig. 1 is a top plan view of a complete semi- 
conductor chip handling and transport system. 



Fig. 2 is an elevation view of the same 
system. 

Fig. 3 is a top plan view of th chips 
conveyor, in fragmentary form; and particularly 
5 illustrating details of the jet flow. 

Fig. 4 is a cross sectional view taken on the 
line 4 — 4 of Fig. 3. 

Fig. 5 is a sectional view taken on the line 
5 — 5 in Fig. 3, particularly illustrating the 
10 grooves defining the airflow ports. 

Fig. 6 is a top plan view illustrating a 
modified configuration so as to provide a turn in 
the air film shuttle conveyor. 

Figs. 7 and 8 are illustrations of the wake 
rs regions formation for laminar flow around a 
sphere. 

Fig. 9 is a force diagram illustrating the 
forces acting on a chip in the air film tracks. 
Figs. 10 and 11 illustrate the flow charac- 

20 terics of a chip surface. 

Fig. 12 illustrates certain aspects of a steady 
state, laminar flow behavior in the entrance 
region of a small tube such as a gas feed port. 
Referring now particularly to Figs. 1 and 2, 

25 there will be seen a system for handling and 
transporting semiconductor chips at the final 
stages, that is, the packaging stages of their 
processing. An air film shuttle conveyor 10, 
having a track 12, is seen interposed between a 

30 loading or input station 20 and an output or 
unloading station 30. Seen in phantom outline, 
and also in solid fine, is a movable table 22 on 
which a magazine 24 is disposed. The magazine 
24 holds a number of devices or chips 26 which 

35 are to be further processed, that is, to be 
packaged as modules. 

The table 22 is suitably indexed to the 
position designated C which is under a pick-up 
probe 28 located above position C. The probe 

40 28 is a vacuum probe or pencil of conventional 
design which is operative to pick-up a chip 26 
and to move it to track input position E. The chip 
is then deposited on the conveyor by release of 
vacuum and the air film or air track 1 2 provided 

45 by conveyor 1 0 moves the chip to position G at 
the interface with output station 30. 

A second vacuum pick-up probe 32 located 
over the position designated G at the end of the 
conveyor 10 is operative to pick-up a chip 26 

50 and move it to position H where the probe is 
operative to release the chip and place it on the 
ceramic substrate 34. As seen, the ceramic sub- 
strate 34 is likewise mounted on an XY 
positioning table 36 for indexing of the various 

55 chip locations; that is to say, for appropriately 
moving the different chip locations to the proper 
position with respect to probe 32. 

The above described operation proceeds con- 
60 tinuously until the total number of chips ar 
transf rr d from the magazine 24 to the various 
locations on the substrat via the transporting 
shuttle conveyor 1 0. As will be explained fully 
hereinafter, the multiple chips moving on the air 
65 film or track do not contact each other, due to 
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the separating characteristics of the motive air 
film. 

Referring now to Figs. 3 — 6 details of con- 
struction of the shuttle conveyor 10 can readily 
be understood. In particular in Fig. 3, a single 
chip 26 is seen being moved on the air film; 
however, as will be appreciated by reference to 
Fig. 4, a series of chips 26 is conveyed in a 
typical operation. Thus, for purposes of simplifi- 
cation and to illustrate certain details of con- 
struction, only the single chip 26 is seen in Fig. 
3. 

It will be noted that a plurality of gas jets 38 
in two rows are provided, the gas, usually air, 
being fed through feed ports or bores 40. These 
ports are so formed that they produce inclined 
gas jets, that is gas jets in the two rows that are 
inclined angularly towards each other, as well 
as being inclined forwardly to assist in pro- 
pelling the chip 26. The ports 40 are formed 
through a feed plate 42, for example, by simply 
drilling holes through plate 42; alternately they 
can be constituted of matching grooves formed 
in both the plate 42 and in the corresponding 
portion of the body structure 46 (Fig. 5). A 
plenum 44 for providing the pressurized gas is 
defined by the lower portion of the body struc- 
ture and by the aforenoted plate 42. The upper 
portion of the structure 46 defines sidewalis 48. 
A typical volumetric flow rate, by way of plenum 
44, per centimeter of conveyor would be 
selected in the* range of 0.5 to 10 cm 3 per 
second. 

As will be especially appreciated by reference 
to Fig. 5, a bearing gas film 50 is developed 
from the flow through the ports 40 at the under- 
side of the chips, and a lateral surface gas film 
52 is likewise developed. As will also be appre- 
ciated by comparing Figs. 4 and 5 there is 
extremely slight spacing between the longi- 
tudinal edges of a given chip 26 and the side- 
walls 48 of the conveyor. 

The slight spacing between the longitudinal 
edges of the chips 26 and the sidewalis 1 in a 
typical practical implementation, is of the order 
of 0.25 mm, the chips themselves being about 
1 cm 2 in surface area. The chip separation 
obtained, designated 55 in Fig. 4, in such prac- 
tical implementation is approximately 1 .8 mm. 
As will be made especially clear, the presence of 
solder mounds 53 on the lower surface 54 
which confronts the gas stream is significant in 
the dynamic fluid flow involved. 

Reference to Fig. 6 will make clear that other 
functional requirements, such as a turn junc- 
tion in the conveyor, can be implemented. In 
order to provide that the chips can change 
direction, impulse jets 56 can be incorporated 
as seen in that figure. Similar changes, such as 
those needed to move chips up or down an 
incline, can be made. 

Basically, the fluid mechanics aspects 
described herein pertain to the coupled effects 
of the gas feed port or groove design and the 
irregular texture of the chip surface in contact 



with the gas film. Referring to Figs. 3 — 5, the 
fine gas streams issuing from the grooves of a 
given length-to-equivalent diameter ratio l/d e , 
impinge against the chip surface 54 containing 
s an array of attached C4 solder balls 53. For 
reasons that will be given below, the resulting 
gas film in providing both support and motion 
to a chip, also exerts a pronounced control of the 
chip motion in a vertical direction. This latter 
to action derives from intrinsic gas flow 
phenomenon initiated at the "interrupted" chip 
surface containing flat surface regions between 
the solder "bumps". The sensitivity of this flow 
action is, among other aspects, dependent on 
15 the l/d e ratio of the gas grooves, viz., this ratio 
must be considerably greater than one in order 
to maximize this effect From an overall view- 
point, this flow behavior exerts a stabilizing 
effect to the motion of the chip on the gas film. 
20 Considering its small size and low weight, i.e., 
about 1 cm 2 and 0.014 grams, the chip motion 
is thus uniquely controlled by this flow action. 
This characteristic, coupled with the gas film 52 
at the track constraining walls 48, provides 
25 effective control of chip motion under generally 
mitigated contact conditions. 

The following description refers to the flow 
phenomenon at the chip surface. 

With reference to Figs. 3—5, the issuing, 
30 inclined gas jets 38 impinge against the chip 
surface and thus exert vertical momentum 
forces that act to raise the chip above the track 
surface. At the same time, the flow spreads 
laterally in the direction of the chip and track 
35 surface in the process of generating the 
supporting, motive air film. Along the chip 
surface, the flow encounters boundary-layer 
friction as well as the effect of the numerous 
solder bumps. Motion is imparted to the chip by 
40 the resultant impulse effect of the boundary- 
layer induced friction forces. Concurrently the 
surface flow in encountering the solder bumps 
is forced to separate and subsequently coalesce 
at some distance downstream from each bump. 
45 This separation or "wake" region behind 
each bump characteristically exhibits a 
generated low pressure effect which, on an 
average, is somewhat lower than atmospheric 
pressure. The extent of the separation region, 
so and hence the Jow pressure effect, varies with 
distance of the bump from the impinging 
locations of the gas Jets. Thus, with reference to 
the track symmetry axis, the low pressure effect 
is greatest for the outermost chip bumps and 
55 decreases with distance of the bumps from the 
track axis. The integrated pressure effect acting 
on the chip, reflecting the aggregate influence 
of positive pressures and the wake pressure 
regions of the bumps, consists of a resultant 
60 force that counteracts to an extent the above 
momentum repelling forces. This behavior, in 
turn, results in a constrained vertical portion of 
th low weight chip on a gas film thickness 
reflecting the relative effect of the acting forces. 
65 Without the constraining effect, the motion of 
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the chip would be highly unstable even at very 
low flow rates. 

The above phenomenon is described further 
by first referring to Fig. 7 and Fig. 8 which illus- 
trate some basic characteristics of laminar flow 
around a sphere. It is axiomatic in fluid 
m chanics that a flow encountering a solid 
object will exhibit a maximum pressure at the 
leading or stagnation region of the object 
surface. As the flow progresses around the 
object its velocity continuously changes and 
therefore the pressure also changes. Because of 
boundary layer friction, the accelerating flow 
reaches a location where it is no longer abie to 
follow the curvature of the surface and thus 
separates from it. A wake region forms behind 
the object which is characterized by an extent of 
low pressure owing to this separation action, in 
the illustrated case of a sphere the flow 
stagnation occurs at the points where the 
pressure p is a maximum. The symbols p, p D , 
and v 0 denote the flow density, upstream 
pressure and velocity, respectively, and the 
pressure distribution around the sphere is 
expressed in dimensionless form as shown in 
the figure. Thus, at the stagnation pressure 

P=Po+/> v o 2 /2. 

For 0>O° the pressure p decreases rapidly and 
at 0«45° it is equal to p 0 . For 0>45°, the 
pressure decreases further and becomes a 
minimum at 0«75° which is the flow separation 
location. Thereafter, the low pressure level 
persists for a considerable distance in the wake 
region as illustrated. In the case of turbulent 
flow the above described characteristics change 
in that separation occurs much further down- 
stream along the surface, viz., at 0«14O°. 
However, an appreciable low pressure region 
still exists for this case due to the higher flow 
acceleration effects associated with the delayed 
flow separation. In the present case, the flow is 
essentially laminar so that the pressure distri- 
bution around the solder bumps is of the 
general qualitative character shown in Fig. 8. 

The operation of the above phenomenon in 
the present case is described with reference to 
Fig. 9 which shows the chips surface con- 
taining essentially hemispherically shaped 
solder bumps. The gas flow from the track ports, 
impinging against and moving along the chip 
surface, encounter the bumps and a multitude 
of wake regions of varying magnitude are 
created. The characteristics of the flow in a 
bump region are illustrated in Figs. 10 and 1 1. 
As seen, the flow impinging against the chip 
surface proceeds parallel to this and the track 
surfaces, in a generally radial direction from the 
surface stagnation point 0. Upon encountering 
the bump a part of the flow continues under its 
lower extremity while the bulk of the flow 
impacts and passes around the bump resulting 
in the wake region. In many respects, the 
depicted flow is considerably more compl x 



than that for a sphere in a free flow field as 
shown in Fig. 7. Basically, we have here a hemi- 
sphere in a narrow flow passage bounded by 
two parallel surfaces. The frictional effects of 
5 the surfaces cause a distortion of the pressur 
field in the overall bump region. The flow 
behavior thus exhibits an asymmetric nature in 
that the stagnation point on the bump occurs at 
some distance below the bump-chip surface 

10 junction. Consequently, an asymmetric flow 
separation boundary is formed as indicated in 
the figure. This behaviour, in conjunction with 
the coupled influence of the pressure field in the 
passage, results in a more intensive low 

15 pressure field in the wake region. In the 
neighborhood of each bump, a positive and 
negative pressure field exists and, as noted 
earlier, these effects are most pronounced for 
the outermost bumps and decrease for bumps 

20 closer to the track axis. This diminution of these 
effects is essentially due to the flow field cross- 
interferences presented by the numerous 
bumps which, in turn, is coupled to the bump 
distance from the gas feed ports (i.e., from the 

25 chip surface stagnation point 0). 

As indicated in Fig. 10, the elemental forces 
operative in the bump-chip surface region 
consist of: the momentum, surface friction, and 
weight components along with the net force 

30 effect due to the positive and negative pressure 
regimes. As noted above, these force effects 
vary with location along the chip surface and, on 
an average, a force picture is produced as 
shown in Fig. 9. Here, M denotes the 

35 momentum repelling force acting at the chip 
center of gravity, which is counteracted in effect 
by the chip weight W and pressure force P. 
Thus, the chip moves on the gas film of a thick- 
ness, h, determined by the equilibrium con- 

40 dition of these forces, viz., M=P+W. Because of 
the inclination of the gas ports (angles 6 and <fi) f 
the resultant surface friction force has lateral 
and axial components F L and F A . Due to track 
symmetry, the opposing F L forces cancel each 

45 other out while the force F A (seen as a dot in Fig. 
9) imparts motion to the chip. In general, the 
above-described behavior is dependent on 
supply flow rate; pressure and in particular on 
the l/d ratio of the gas ports (or, l/d e ratio in the 

50 case of non-circular ports). As noted earlier, this 
ratio must be considerably greater than one for 
better performance and will be described further 
below. 

In general, the above flow phenomenon as 
55 illustrated in Fig. 7 has been extensively studied 
both analytically and experimentally (e.g., as 
described in the book, Boundary-Layer Theory 
by H. Schlichting). For free, parallel flow over 
surfaces containing bumps, the behavior is 
60 considerably more complex and has been the 
subject of various aerodynamics and other 
research studies over th years. Ari example of a 
theoretical study of this case is contained in the 
Journal of Fluid Mechanics, Volume 83, Part 1, 
65 November 1 977, pages 1 63 — 1 76. In essence, 
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the study shows the development ot 
pronounced negative pressure regions — even 
for very shallow bumps. This is due to the 
perturbation of the attached, thin boundary- 
layer by the shallow bumps. In the situation 
where a second parallel surface is included and 
the flow enters at an angle to the passage, viz., 
the present case (Fig. 9), the flow behavior is 
even more complex. As described above, the 
negative pressure regions for the small bumps 
are intrinsically augmented by this flow con- 
figuration. Thus, a significant aspect of this 
invention is the utilization of the bump pressure 
field characteristics to constrain and thereby 
provide stable motion to the chip. 

Referring to the length-to-diameter ratio of 
the gas feed ports the sensitivity of the 
described wake-pressure field action is, as 
mentioned before, a function of the above ratio. 
This aspect is related to the so-called developed 
or entrance length required for the gas flow in 
the port to achieve a uniform laminar profile. 
The general features of this flow behavior are 
described with reference to Fig. 12. here a 
sharp-edged tube of diameter d is shown into 
which gas enters in steady flow from a much 
larger region (i.e., as the flow from the plenum 
into a gas port). The entering, crowding flow 
characteristically exhibits a large degree of 
turbulence which diminshes as the flow con- 
tinues along the tube. This is due to the pro- 
gressive thickening of the boundary layer with 
an eventual coalescence into a stable, laminar 
flow velocity profile. The tube length required 
for this coalescence to occur is called the 
development flow entrance length, le. A quan- 
titative description of this flow behavior has 
been established analytically and experi- 
mentally by researchers (e.g., see the book, 
Boundary-Layer Theory by H. Schlichting). The 
features sketched in Fig. 1 2 are based on these 
analyses which, in addition, have established a 
quantitative relationship for the length le, as 
shown in the figure. Thus, for a given diameter d 
and flow Raynolds number, Re, the developed 
flow length le can be calculated by: 

le Vadp 

— >0.058 Re>0.058< ) 

d /t 

(Equation a) 

where: 

p =average mass density of the flow 
/x=absolute viscosity 
Va =average, steady-state flow, velocity in the 
tube 

—mass flow rate-5-(7rd 2 /4)/? 
=m-*-(7rd 2 /4)p 

The sensitivity of the flow behavior at the 
chip surface is strongly coupled to the above 
ratio. For a given port diameter d, or de (non- 
circular hole), the length I must be considerably 
greater than d or de and of a magnitude such 



that i is greater than le (eq. a). Thus, for l/d or 
l/de greater than 6 ,058R e the gas flow enters 
the chip-track passage in a stable laminar con- 
dition. In this condition, the entering flow 

s possesses a more concentrated and directed 
energy effect and, upon impingment against the 
chip surface, this effect results in more 
pronounced wake-pressure characteristics. For 
ratios less than that indicated by eq. (a), the 

io wake effects are diminished due to the presence 
of turbulence in the entering flow. Thus, another 
significant aspect of this invention is the gas 
port ratio requirement associated with 
achieving most advantageous wake-pressure 

ts characteristics. 

It will be appreciated that the air film thick- 
ness on which the chip is transported will vary 
due to the interaction of the coacting fluid 
repelling and fluid" attraction forces. As illus- 

20 trated in Fig. 1 3, as the flow rate is increased 
from zero, the film thickness h will initially 
increase rapidly due to the dominant effect of 
momentum repelling forces associated with the 
air streams impinging against the chip surface. 

25 With further increase in flow rate, this behavior 
is steadily counteracted by the developing 
attraction force with the result that the film 
thickness will begin to decrease after passing 
through a maximum value. Referring to Fig. 1 1, 

30 the force equilibrium relationship at an air film 
thickness h, is thus given by 

M=P+W. 

35 At the low flow rate range, M is greater than P 
which is reflected by a higher equilibrium value 
of h. At higher flow rates, h will decrease due to 
the dominance of P and eventually will again 
begin to increase due to the increasing influence 

40 of M. At some point, far removed from the 
present practical range, the chip will be repelled 
from the conveyor surface due to the dominant 
action of the force M. 

As the flow rate is increased with an asso- 

4 5 ciated decrease in h, the axial surface friction 
force F A (see Fig. 9) will correspondingly 
increase; hence, the transported velocity of the 
chip will increase. The preferred operating 
range, indicated by points p, q, and r in Fig. 1 3, 

50 is a matter of practical considerations and can 
vary somewhat depending on the nature of the 
installation. In essence, the air flow rates at p 
and q are approximately 0.5 and 10 cm 3 "per 
second, respectively. The corresponding air film 

55 thickness h at point r is approximately 0.125 — 
0.18 mm where the bump height, b is typically 
equal to 0.075 — 0.125 mm. Thus, the 
clearance between the balls and conveyor 
surface, viz., h— b, is typically of the order of 

60 0.05 mm. 

The developed attraction force at a given 
flow rate is quite pronounced for a range of 
bump height values extending from about 
0.025 mm to the typical values noted above. 

« For the situation where b=0 and the chip 
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surface is smooth, a residual attraction force P 
still xists due to the "axi-radial" flow effect. 
The str ngth of P for this situation is, howev r, 
reduced due to the smal In ssofth chip surface 
area and flow interference effects between the 
streams. Still, however, some motion stability 
exists at the low flow rate range, viz., 0.01 25 to 

0. 018 mm per second. With the bumps, the 
increased attraction force in conjunction with 
the other flow characteristics, acts to provide 
highly stable motion to the chips while main- 
taining essentially non-contact conditions 
between them. 

While there has been shown and described 
what is considered at present to be the 
preferred embodiment of the present invention, 
it will be appreciated by those skilled in the art 
that modifications of such embodiment may be 
made. 

Claims 

1. Air film conveyor (10) for transporting 
semiconductor chips (26) comprising: 

(a) a base plate (42), and a pair of upstanding 
side guide walls (48) extending longi- 
tudinally of said base plate, said side walls 
being spaced apart a distance slightly greater 
than the lateral dimension of said chips; 

(b) jets (38) piercing the base plate and means 
to cause gas flow through the jets providing a 
motion-controlling air flow, which surrounds 
the chips (26) and forms an air film 
supporting said chips and propelling them 
downstream, 

characterized in that for transporting prismatic 
semiconductor chips (26) having a spaced 
distribution of a plurality of hemispheric solder 
mounds (53) within an area on a surface facing 
said air film 

(c) the means to cause gas flow are producing a 
laminar air flow; 

(d) the slight spacing between the chips (26) 
and the side wails (48) is dimensioned in 
such a way that it causes the flow resistance 
to be higher in the one region defined by such 
slight spacing than in the region defined by 
the longitudinal spacing between the ends of 
individual chips, insuring a continuous 
separation action between the chips; 

(e) the volumetric flow rate of air per centi- 
meter of conveyor (10) being in the range of 
0.5 to 10cm 3 /sec. 

2. Air film conveyor in accordance with claim 

1, characterized in that said means for pro- 
viding laminar airflow includes two rows of jets 
(38) parallel and adjacent to the side walls (48), 
said rows being directed inwardly with respect 
to each other. 

3. Air film conveyor in accordance with claim 

2, characterized in that said rows of jets (38) are 



also directed forwardly with respect to the 
desired longitudinal mov ment for the chips 
(26). 

4. Air film conveyor in accordance with claim 

1, characterized in that said slight spacing 
between the chips (26) and the side walls (48) 
is of the order of 0.25 mm and the longitudinal 
spacing between the ends of individual chips 
being of the order of 1 .8 mm. 

5. Air film conveyor in accordance with claim 

2, characterized in that said jets (38) are defined 
by ports extending through said base plate (42) 
to a pressurized plenum (44), with said ports 
having a length to equivalent diameter ratio 
greater than 0.058 R B where R B is the Reynolds 
number of the air flow through said port. 

6. Air film conveyor in accordance with claim 
2, characterized in that said rows of jets (38) are 
directed inwardly such that the angle of said jets 
to the longitudinal axis of said side walls (48) is 
in the range of 40 to 60°. 

7. Air film conveyor in accordance with claim 
5, characterized in that said rows of jets (38) are 
directed forwardly by being at an angle to the 
vertical in the range of 40 to 60°. 

8. Air film conveyor in accordance with 
claims 1 to 7, comprising first vacuum pickup 
means (28) for picking up the said chips (26) 
from a loading station (20) and transferring 
them to the upstream end of said conveyor; and 
second vacuum pickup means (32) for picking 
up said chips at the downstream end of said 
conveyor and transferring them to an unloading 
station (30). 

Patentansprtlche 

1. Luftfiimfdrderer (10) fur Halbleiterchips 
(26) mit: 

(a) einer Grundplatte (42) und zwei sich in 
Langsrichtung der Grundplatte ersteckenden 
Seitenwanden (48), deren Abstand vonein- 
ander etwas groSer ist ais die Breitenab- 
messung der Halbleitherchips; 

(b) die Grundplatte durchstofcende Dusen (38) 
sowie Mittel zur Erzeugung einer Gas- 
stromung durch die Dusen, so daS ein be- 
wegungssteuernder Luftstrom entsteht, der 
die Halbleiterchips (26) umgibt und einen 
Luftfilm bildet, der die Halbleiterchips tragt 
und sie bahnabwartstransportiert, 

dadurch gekennzeichnet, daS zum Transport 
prismatischer Halbleiterchips (26) mit einer 
Mehrzahl von im Abstand voneinander ange- 
ordneten halbrunden SchweiBkuppen (53) 
innerhalb eines Bereichs auf einer dem Luftfilm 
zugekehrten Oberflache 

(c) die die Gasstromung erzeugenden Mittel 
eine Laminarstromung erzeugen; 

(d) der geringe Zwisch nraum zwischen den 
Halbleiterscheiben (26) und den Seiten- 
wanden (48) so dimensioniert ist, daB da- 
durch der Stromungswiderstand in einem Be- 
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reich dieses geringen Zwischenraums hdher 
ist als in dem Bereich des Langszwischen- 
. raums zwischen den Enden der einzelnen 
Halbleiterchips, so date zwischen den Halb- 
leiterchips ein standiger Trennungsvorgang 
stattfindet; 

(e) die volumetrische Stromungsgeschwindig- 
keit der Luft pro Zentimeter des Film- 
forderers (10) sich zwischen 0,5 und 10 
cm 3 /sec. bewegt. 

2. Luftfilmforderer gemaB Anspruch 1, da- 
durch gekennzeichnet, daB die die Laminar- 
stromung verursachenden Mittel zweit Reihen 
von Dusen (38) umfassen, die parallel zu den 
Seitenwanden (48) und neben diesen vorge- 
sehen sind r wobei diese Reihen in Bezug auf- 
einander nach innen gerichtet sind. 

3. Luftfilmforderer nach Anspruch 2, da- 
durch gekennzeichnet daB die Dusenreihen 
(38) auBerdem nach vorwarts gerichtet sind in 
Bezug auf die erwunschte Langsbewegung fur 
die Halbleiterchips (26). 

4. Luftfilmforderer nach Anspruch 1, da- 
durch gekennzeichnet, daB der geringe 
Zwischenraum zwischen den Halbleiterchips 
(26) und den Seitenwanden (48) sich in der 
GroBenordnung von 0,25 mm bewegt, und daB 
der Langszwischenraum zwischen den Enden 
der einzelnen Halbleiterchips 1,8 mm betragt 

5. Luftfilmforderer nach Anspruch 2, da- 
durch gekennzeichnet, daB die Dusen (38) 
Offnungen sind, die sich durch die Grundplatte 
(42) in einen Oberdruckraum (44) erstrecken, 
wobei das Verhaltnis von Lange zu aqui- 
valentem Durchmesser dieser Offnungen groSer 
ist als 0,058 R e , wobei R e die Reynoldszahl der 
durch die Offnung flieBenden Luft ist, 

6. Luftfilmforderer nach Anspruch 2, da- 
durch gekennzeichnet, daB die Dusen (38) nach 
innen gerichtet sind, auf solche Weise, daB der 
Winkel dieser Dusen zur Langsachse der Seiten- 
wande (48) sich in der GroBenordnung von 40 
bis 60° bewegt 

7. Luftfilmforderer nach Anspruch 5, da- 
durch gekennzeichnet daB die Dusen (38) in 
einem Winkel zur Vertikaien in der GroBen- 
ordnung von 40 bis 60° nach vome gerichtet 
sind. 

8. Luftfilmforderer nach den Anspruchen 1 
bis 7, mit ersten Unterdruck-Aufnahmemitteln 
(28) zur Aufnahme der Halbleiterchips (26) von 
einer Beschickungsstation (20) und zu ihrem 
Transport zum oberen Ende der Forderbahn, 
sowie mit zweiten Unterdruck-Aufnahme- 
mitteln (32) zur Aufnahme der Halbleiterchips 
am unteren Ende des Luftfilmfdrderers und zu 
ihrem Transport zu einer Entladestation (30). 

Revendications 

1. Glissiere pneumatique (10) pour trans- 
porter des tranches (puces) semiconductrices 
(26) comprenant: 
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(a) une plaque de base (42) et deux parois de 
guidage lateral (48) dirigies vers le haut et 
s'etendant dans la direction longitudinale de 
la plaque de base, lesdites parois laterales 

5 Stant espacees Tune de I'autre d'une distance 
legSrement supSrieure d la dimension laterale 
desdites puces; 

(b) des ajutages (38) traversant la plaque de 
base et des moyens pour faire passer un 

io 6coulement de gaz dans lesdits ajutages pour 
cr6er un ecoulement d'air de commande de 
mouvement qui entoure les puces (26) et 
forme un film d'air supportant les puces et les 
propulsant vers I' aval, 

15 

caracterise en ce que, pour le transport de 
puces semiconductrices prismatiques (26) sur 
lesquelles sont reparties de fa<;on espac6e une 
pluralite de protuberances h€misph€riques de 
20 brasure (53) d I'int6rieur d'une zone d'une 
surface dirigee vers le film d'air: 

(c) les moyens pour produire en 6cou!ement de 
gaz 6tablissent un 6coulement d'air 

25 laminaire; 

(d) le I6ger espacement entre les puces (26) et 
les parois 1at§rales (48) est dimensionne de 
maniere d rendre la resistance d I'ecoule- 
ment plus grande dans la zone dSfinie par 

30 ledit Igger espacement que dans la zone 
dSfinie par ('espacement lontitudinal entre les 
extrSmites des puces individuelles, en 
exer9ant une action continue de separation 
entre les puces; 

35 (e) le debit volum&rique d'air par centimetre de 
transporter (10) 6tant compris entre 0,5 et 
10cm 3 /s. 

2. Glissidre pneumatique conforme & la re- 
40 vendication 1, caracterise en ce que lesdits 

moyens pour §tablir in 6coulement d'air 
laminaire comprennent deux ran gees d'ajutages 
(38) parallels et adjacents aux parois laterales 
(48), lesdites rangees etant dirigees vers 
45 I'int6rieur Tune par rapport a I'autre, 

3. Glissiere pneumatique d'air conforme d la 
revendication 2, caracterise en ce que lesdits 
rangees d'ajutages (38) sont egalement dirig6es 
vers I'avant par rapport au mouvement longi- 

50 tudinal dSsire des puces (26). 

4. Glissidre pneumatique conforme d la re- 
vendication 1, caracteris6 en ce que ledit leger 
espacement entre les puces (26) et les parois 
laterales (48) est de I'ordre de 0,25 mm et 

56 Tespacement longitudinal entre les extr6mit6s 
de puces individuelles est de I'ordre de 1 ,8 mm. 

5. Glissiere pneumatique conforme d la re- 
vendication 2, caracterise en ce que lesdits 

60 ajutages (38) sont definis par des orifices 
s'etendant au travers de ladite plaque de base 
(42) jusqu'2 une chambre stabilisatrice 
pressurisee (44), lesdits orifices ayant un 
rapport de longueur d diametre equivalent 

es sup6rieur d 0,058 R e ou R e designe le nombre 
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de Reynolds de lecoulement d'air passant dans 
ledit orifice. 

6. Glissiere pneumatique conforme d la re- 
vendication 2, caract6ris§ en ce que lesdits 
rangies d' ajutages (38) sont dirig6es vers 
I'int6ri ur de maniere que Tangle desdits 
ajutages avec I'axe longitudinal desdites parois 
(48) soit compris entre 40 et 60°. 

7. GlissiSre pneumatique conforme d la re- 
vendication 5 r caract6rise en ce que lesdits 
rangSes d'ajutages (38) sont dirigfies vers 
I'avant en faisant un angle avec le verticale qui 



est compris entre 40 et 60° . 

8. Glissidre pneumatique conforme aux r - 
vendications 1 £ 7, comprenant un premier 
moyen de prehension sous vid (28) pour 

5 prendre lesdites pastilles (26) dans un poste de 
chargement (20) et pour les transferer jusqu'd 
I'extr6mite d'amont dudit transp rteur; et un 
second moyen de prehension sous vide (32) 
pour prendre lesdites pastilles d I'extr6mit6 

io d'aval dudit transporteur et est transfer^ jusqu'd 
un poste de d§ehargement (30). 
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FIG. 7 
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